J\D-Aoa4  5 5£_ 


'p.\ 


,,  !?*  j 

RIA-76-U345 


B' 


| Cy  No.  1 


mu  in  mi  if 

AD 

5 0712  01001503  9 

DRSAR-CPE  76-3 

MODIFIED  COST  ESTIMATING  MODEL 

FOR 

20MM-40MM  AUTOMATIC  CANNON  AMMUNITION 
INITIAL  PRODUCTION  FACILITIES 


APR,L  ,976  TECHNICAL 

LIBRARY 


TECHNICAL  REPORT 


James  F.  Goodall 


i.  , 

e 

f 

K," 

F 

i7 

i 


COST  ANALYSIS  DIVISION  (DRSAR-CPE) 
HEADQUARTERS,  U.S.  ARMY  ARMAMENT  COMMAND 
ROCK  ISLAND,  ILLINOIS  61201 


'O'  /.  * A , • :f  ~ir' 

? f-.-  3 *7  'rr;U  v.-.'.ij  V? 
AAU.--3  43 , 


‘ O 


V •.■:■  / , . v? 7 A ' 30,,  i 3 v ■' ' - •'  ■•'  ' 

> ■ •'*  CV.4  - ; ■ r;  , k si>'  1 ' < 


, (.jj 


yW%  *' 


•A  \ 


XJXMXXh  Ah  ,^v 

{■  ',„M  A ' O 3 --  O 3 -■  A>  ^ )'  ‘ •-  r v 

A:  ^ X’  7 - . M 

' >0 


}j:X"03-, 

' ; -'  !•■  ' x r'  AX 

•"  , y 3.  , X:  ‘*vX/ 


r / 


.3  -v  - 


- "'  ^ x .;;x 

X '!  A(AA  X 

/ ' ,V  ^ ^ / \ 


,a>  " O 
x?  -a  3 O' 
3 . _ 3a-  - 


a'  O 


X c „ 


V-j 


-7 


A3 


a 


30  . 

^ ‘ ( X \ \ 


. ;XX'Xxy  ., 

3\l.  3A1  •■  . 1 t;  -"3’  3.-,  , . 

^3  tv  ; y ;3v;3v3  3' 

J\  1 . .3,  o *■ 

x ,_  , _ , , ;.  ' AX’  3J-: 

O >.;,A'-  ."3" 3*^'  ; 3'/ 'V  ;■ 

3 3 - 3 3 ■ ■ V,  - . * ■ ° v - y. 


\ : ■<  : \ , \ x-31 

3r  , 'A  1 X 


,3  O.  3 0 0 3 >AS.  ; 

? /■  i-  ■ O ■ ■ - ' 


' :A/. 

‘ • 

*’•33 


- 3l 


^-'  V?  ; -A 

/V  f>  , 3 


A°  lV  • / - .3V„  '3  >3-;{  • ■ AO','  O'A 

c " '•■ , A ' V ■ - A ;,  3-  ‘A  1 : - , Ah  ^ ' -A' 17  A-  > 3X  A 
^ 'A  o;?v<,'^  0'rV;V-:AA  > ' 


- 'V 


\ 

\ 


3 . 0^3  " >3  |\3 

DISPOSITION  INSTRUCTIONS: 

3'^,  ■ -'<rz  ' : .3  - «'  ,J . „3  rj  ' v;  3 • . -3 

Destroy  this  report  when  no  longer  needed. 

3'  % vY  lO  ' \3  33i3'-  ..  '■-)  3.  r.  , , A-  , 


V - y V -\'v  1 ’ ^ x 

fh  ■ , 


3-v  ■'  ' - — _ A,  ■--?:•  -u 

v -33  v ^ -3 N V A .3 


,( > * 


''  '3  , 'a 


5-<  'V) 


■ . • . 3(^ 


:AaA:/> 


a 

x\  I 

#0  - / -J  V 


\ 3/ 

7 

K- 


V 


/ 


a rfvs3  7 , , 

•>v  .,3  3 


-30'^  -Ak  V"{ AA,  v-A 

n s v(  N ,vo  Ay,  > AVA  >v/  vo 

r ) X\  " \ ■ 7 y)  » ' v.  Avl^  ^ ' \ ,' 

Do  not  return  to  originator • 

Aj,  3 ■'  A 3b 


•\  o v 7^ . 
:\t  x 

An 


, S^( 


3 


/>  , • v>"  / 3-  A,  v ' ' v 

o - ■ ■ :.  /*•>£  ' ••?•'  *■  -•  ,'  , r3--  n 

, .3  ON  -3  f - ' , 'v  3;  3 3 , x 

:V  Xc  Af  < ...  - - VOv  1 'V;-- 

';  3-'f  3 •'  AA,  3A  ,CV3  ’v  3-- 

Aa,3+';\;o  ' -;A..  ; ^ ' : 

47:  ,v  . \.J.‘  -3  \ ‘ \j  O \r;i  U ’ s-  '■  //. 

■ sr  ' ■ 


33".  3 


y /, 


\ 


'•  y j 


f /l  '{‘  ' 'k 

.3  ,3  ' 

. A iv.Oyx;f;”;A 
AS'.A'  ■ M:  t A-  '-Ovvr 

A - \ i\ 1 


3 


/V“  o s . , 


J ^ 


v33\3  -•  3 /A  •/ 

(.  ? ; .3';'; ' -H , 3;  K\  ^ 3 v , / A O N 


...  . „ *> 1 ..(  ,.  . 

> ~\ . ' 1 -■  'v  a^.  'A  a \ -y  y^.  Ax '\  , \ A \ x ' '3  ) A 

W-3  3:.  sX.3- Ao,  .'333.3X 

. 3 ' x \;  -NA  ,w,-  / !,  X V 3 33  • -'  3 3 


-V/;^  '•/  a j.  ' •,  aV^ 
^ \y-'.  \ • 1 *N 


4 


;i>  /.< 


'■  V-.  3: 


y _ ,a  ,.v' 
.,  ■ , - v 


Xt: 


•:';,"i:-aa  A-x 

" W,:  1 .x/y 

-.-’X  3 

" 3 ■ -i' 


' AX'1  LX  ^ 

-A  3 V L ^ , 

1 " 


n V,  V ' 


..  -A  ' a'Vj  4vyA./  ^ 

- V DISCLAIMER: 

•V  f<-l 

.■Mo  >A  . . vX'C  ) 


■ -.A  • >'-'■  A . 

• ) * f -A  - 3'  ' ] 

) .,  , _ v . I. 


'f  ', 

.«  I 
. ■*  ■ 


v'  , 


v , n • ,3  •,  ■ i X^  AVA  3 
.{  -■•  • \3  , .,  1 ■ . '.  jy  ■ -x  - ■ "'A /'rV  1 > ■• 

AA  • ' -A-'  '-A 


; ix  ■ x 

, , ... . ^y.v : 

.X’  ■ * ,/ 

V-  1/  > ' ' ’}  -/lVi  ’ 

\ o\  c . . t ' \ J ; \ I 


1 - V 

A 


3 ,r 


1N 

K:V 


■ v 'L 
XU;\  •'{ 

AAv  . 

,3  A,') 

' A ' >■  ■ - A A; 


1 ^ ’ X 

X " ■ 


} ; .'  Cw 

y . JKi* 


. >r 


V 


y'-VA  \ ; 7 XXXa'77 

-•  AA  XAX3.3'  yA;Ay  3;  Vc.":‘  AV 

The  findings  of  this  report  are  not  to  be  construed  as  an  official  4 . V 1 A3  33 

Department  of  the  Army  position  unless, so  designated  by  other  authorized  A,  3 
documents.  " A . X.  .;  c,r3',.  - A'"  ’ ' " ^ ;•  ' - .'  -■  ; !.  r3  -3  v / •*,•*: 

- 3-  r'  ' 3r;v'"3.4-,'  •3'X:.  ■■  ■',  "y  <'v.;\\&  ^ V.'AA'  V-^A  7 

A'  • ' '-A  ,.  ,/A  • !<■  - , 31'  '■  -’  t v r ; n'  w*  3 1 '•  3 ^ ,1  ;•  >•  / -<  1/ 

■x-3X  ?\  '3-Aj,  A.V.-V-  ,4  ,'  " X-  j V\>'  " ’ 

1 fV  '4  • ' 4.  I C • ^ "M  i '.  w ,.'  [■  i ' ' ' -*^yV;  - --  • 

-'  ^ ,,  34'  • • ^ • 'A 


X- 


/-- 


3i,A3 


3' 


/7X"/  7 ; r.  _ 3 / 3 f0^L 


1 -l  -,  ‘ 3 


W ' / 3‘  ' ' ' ^-3  .s  *.\3  v3  ('x 

- . •■;  ■-  ’--  ■).■•  f?  ,.y  3y 

/VO  1 3 ' ! 3x.  > ! . '3'’1  3 /3-. 


. s ( > ’•  J3V'  J 
^./  „ ’ ,J"  ' 


\- 


• /><-•  / ; ^ / > - ‘A  ~J.  v'*  - )' ' ? 

a,/  y w'4. . ' 


X A 


V 


Ny'  j ^ 1 “V  /A' 

/ < V ^ ‘‘V  3 -7 


';  X 7 "V  ^ ’ / / ' / ^ 3.  /■>  ( - 'v  y ^ x 
y ^ • ->• 


-/r  ‘X 


34  /> % ■■  '•  ^ J ~ ■ 


\ r- , 


A,y 


A ...  V,  33V.  .< 

O 3. 

(/  - >/ 

3 <■  - 3 


A ;•,/  ' - > . ’iW,  - 3V  ' V (•*'  3<  <-K  - ■ '3 

^ • V / • • , 3.  • , ‘ •V->'  . . V A ' >3  rv  v ii 

y,  ■■  fi ' ■■  r ■ ; v , v/s' 

A3'.  < 1,3  i A - 3 ;.'  x J /4x  .V 


lx  < — " * • •', 


y \ 


''V  , 


y.7  ... 


. 7 a ■ u y 


XAx 


"l  '' A 


v < 


' X A3 


A.  w-  , ; ? ' •fin.'* 

•^'74  3 am'3  '(- 


7 'V'T*.  V 


^ (# 


■3x.f:;y 

iv  : ■ ' 1 ■ 


> 3;  ' v -x  v a.  . -3*-.  ■ ■r  . ..  . 

3,  "■)  , , f r 'V  - r(  ' W X,  - A 

' f «//  : ~3 3 . Y ■ 3 ; -v''  >/> f-  . 

7.3  /'•  • -y  033  ;-y;V'" 

"v-'f  (X\  , 


' ' • 

. ' 33  .3  ,y  V 

3-  A - . <T  -x  y3,v  ' 'y 
y x,  n - v *v,. 


{•  a xX  V.** 

-v;-X 

?Vi;v v3x avax  •■■)  j., 

v /3k3 

'i  ^ '3 


V> 


x . . . •*.  I 3 1 v .,.-3  ;ix>  > 

JS>.  ■ Xi.Kt  ■ •°:' 


S ' v -yf ■ ; ■' 


, Ayxxxyi 


1 * 3,kx.3. 


A- 


A v 4> 


O '3^.  3 1/  » / ..4  , 


N A | , x /■  , 1 

. ,S  ^ i _V  ' 

1 , ■'  Aa,  y A x7 

C1 


3 \ /v- 


y v'V7 


— 7 „ . . Y , 

^x;  / / v > / o / 

3 . , 


A 


y 

> J \ ~ ■ K. 


'\  S 


J . 


V 


v 


'%y  \A  X'  A ,'r'  3 ' A - '3 

3333  ■■■333,3''  y 

33'  A 3 yC  v • x -;3>  v 3 A ' >3  37-7  • -3-3 : \ . - . 

>-  //  , / A - o < t ^.3  ,{  / ' - ■ --x>.  ; y n / 3 f 

' A.r  /3  s'*  vyA  x 33  7 x^  • V A,  / A 

^ Xx  ' ' ■ x A'  r,-V  a N A^f  ^ 

V r--  3"  / ,z  u:>  y .7.  ' , ''.x)  - , j ,\ . 


. y 3 a 

/-  • 3"-’  - ; 3';.>‘  /y. 


' ■—  V N . . ' V \ 

■(:  . ]3  - V -r  ’ 


3 


T'  X 0 ^ X 
- 7 mu;  ^ ^ -x-  iV'- 

K\^'i  ,(A 


3/<7  '(''o-l  >ky/  >_ 

"V  ; \.  ,)'  . 


r . 


7 >7,  70  ; 


; - / 


V 


v x 


7334:^3  34>7i 

- "',  «7  Yf  l 3 - ' , ys' 


4 ' 'y'.  4 ',.  V v ' 

- V'  4,-3; 


<Y  v L 


• XXV 


..  V - / y 4 f 


. - y v v 


ABSTRACT 


A model  to  provide  cost  estimates  of  initial  production  facilities 
(IFF)  for  a 20mm  through  40mm  steel-case  or  aluminum-case  family  of 
conventional  automatic  cannon  ammunition  is  presented  in  this  report. 

The  model  is  intended  to  facilitate  the  preparation  of  independent 
estimates  in  support  of  decision  making  early  in  the  acquisition  phase. 

It  represents  a modified  version  of  previous  models  over  the  same  size 
range  developed  by  HQ,  ARMCOM,  Cost  Analysis  Division,  in  that  different 
costs  among  alternative  rounds  of  different  calibers  and/or  component 
dimensions  are  generated.  The  differentiating  or  adjusting  process 
is  based  on  the  premise  that  production  equipment  capacities  are  partially 
or  wholly  dependent  on  the  magnitude  of  certain  component  dimensions 
that  are  known  or  can  be  assumed  in  early  estimates. 
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SECTION  I 


INTRODUCTION 


A.  Background 


In  April,  1975,  HQ,  ARMCCM  Cost  Analysis  Division  initiated  a long- 
term study  to  develop  investment  cost  estimating  tools  for  ammunition  to 
facilitate  independent  cost  estimates.  The  initial  volume,  covering 
medium-bore  (20mm  through  60mm)  automatic  cannon  ammunition,  was  published 
in  September,  1975  and  is  shown  as  reference  1.  The  initial  study 
results  include  two  models  for  estimating  the  cost  of  initial  production 
facilities  (IPF)  for  conventional  medium- bore  ammunition.  The  first 
model  covers  ammunition  in  sizes  from  20mm  through  30mm,  and  is  based  on 
IPF  data  used  for  the  Vehicle  Rapid  Fire  Weapon  System  Independent 
Parametric  Cost  Estimate  (IPCE)  alternatives  published  in  August,  1974. 

The  second  model,  covering  ammunition  over  30mm  through  60mm,  is  based 
on  a 57mm  recoilless  rifle  round  and  utilizes  dimensional  adjustments  to 
scale  estimated  costs  over  its  intended  range. 

Subsequent  application  of  the  IPF  cost  models  in  the  preparation  of 
early  alternative  ammunition  cost  estimates  in  the  20mm  through  40mm 
size  range  for  the  Army  Radar  Gun  Air  Defense  System  (ARGADS)  Project 
Manager  Office  revealed  abnormal  breaks  in  estimated  cost  at  the  inter- 
face of  the  two  models.  This  problem  indicated  that  the  production 
methods  on  which  the  over  30mm  model  are  based  are  not  compatible, 
from  a processing  or  production  rate  standpoint,  or  both,  with  automatic 
cannon  ammunition  down  to  30mm  and  very  likely  to  40mm.  In  addition, 
the  20mm  through  30mm  model  was  developed  to  yield  a single  estimated 
cost  owing  to  the  narrow  range  of  application.  Both  of  the  foregoing 
conditions  rendered  use  of  the  existing  models  unsuitable  for  compari- 
son of  tiie  alternative  ARGADS  rounds.  Therefore,  the  existing  model 
was  modified  as  described  in  this  report. 

B.  Purpose 

The  purpose  of  this  report  is  to  present  a modified  model  suitable 
for  estimating  the  IPF  cost  of  alternative  families  of  conventional 
medium-bore  automatic  cannon  ammunition  in  calibers  from  20mm  through 
40mm.  Specifically,  the  modified  model  will  provide  different  estimates 
for  rounds  of  different  calibers  and/or  component  dimensions  which, 
under  the  assumptions  of  the  model,  act  to  drive  IPF  costs.  The  model 
represents  a refined  version  of  the  initial  model,  and  is  an  interim 
approach  to  continuing  refinement  of  such  models.  The  modified  model  is 
completely  described;  however,  the  information  in  reference  1,  pages 
6,7,  and  94,  relating  to  the  mobilization  plan  and  special  findings  also 
apply  to  this  report. 
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C.  Scope  of  Model 


The  cost  elements  for  which  cost  equations  are  provided  in  the  model 
are  shown  in  Table  1.  The  IPF  outputs  include  allowances  for  I PE  trans- 
portation; installation;  layaway;  and,  for  LAP,  miscellaneous  material 
handling  equipment.  Since  the  government  may  not  buy  capital  equipment 
for  a given  ammunition  program,  but  will  incur  costs  for  special  tool- 
ing and  gages  that  are  unique  to  the  ammunition  being  procured,  the 
model  is  structured  to  provide  separate  estimates  of  initial  tooling 
and  I PE. 

The  model  excludes  certain  costs  which  may  be  incurred  but  remain 
for  the  individual  estimator  to  resolve  as  required.  These  are  as  follows: 

1.  Non-IPF/Initial  Tooling 

This  element  includes  the  costs  of  real  property  construction  (buildings, 
utility  systems,  installed  building  equipment,  etc.),  real  estate  acquisition 
and/or  improvements , and  other  production  base  support  activities  under  the 
cognizance  of  the  Corps  of  Engineers;  and  non- production  equipment  such  as 
office  machines  and  equipment.  Therefore,  the  model  is  confined  to  IPF  as 
defined  in  Chapter  4,  Section  III,  of  reference  2. 

2.  Propellants  and  Explosives  (PfjE)  IPF 

The  IPF  portion  of  the  Army's  industrial  production  base  is  established, 
maintained,  modernized,  and  expanded  on  the  basis  of  component  demand.  The 
completed  round  is  important  only  to  the  extent  that  it  contributes,  along 
with  other  total  rounds,  to  the  demand  for  the  particular  components.  For 
example,  the  Army  does  not  provide  TNT  capacity  for  a specific  HE  projectile; 
rather,  capacity  is  based  upon  total  TNT  demand.  This  is  a different  sit- 
uation than  IPF  for  metal  parts  production  and  complete -round  LAP,  where 
discrete  production  bases  are  required  in  support  of  components  for  a 
specific  family  of  rounds.  The  consequence  of  this  special  consideration 
is  that  the  estimator  must  make  certain  that  the  IPE  involved  reflects 
the  marginal  increase  in  capacities  and  does  not  duplicate  available, 
uncommitted  capacities.  Owing  to  this  marginality,  the  various  P§E  items 
and  combinations  thereof,  and  the  multitude  of  planned  modernization  and 
expansion  projects,  the  P§E  area  has  been  excluded  from  the  model. 

3.  Material  Handling  Equipment/ Control  Systems 

The  specific  plant  layout,  and  the  production  rate,  quantity,  and 
physical  bulk  of  the  ammunition  components  being  produced  have,  singly 
or  in  combination,  a significant  impact  on  the  selection  of  this  type 
of  equipment.  The  equipment  could  vary  from  very  simple  (almost  none) 
to  very  special  (approaching  fully  automated  handling).  A general-purpose 
model  intended  to  be  applicable  early  in  the  system  life  cycle  over  a 
potentially  wide  range  of  the  foregoing  conditions,  would  require  a 
series  of  subroutines  to  reflect  varying  degrees  of  equipment/control 
system  automation.  These  have  not  been  developed,  but  are  under  consid- 
eration for  future  phases  of  the  reference  1 study.  However,  an  allow- 
ance for  miscellaneous  material  handling  equipment  is  included  in  the 
Load,  Assemble,  and  Pack  (LAP)  IPF  model. 
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Table  1.  IPF  Cost  Elements 

1.  Industrial  Plant  Equipment  (IPE) 

a.  Projectile  (HE,  AP,  and  TP) 

b . Link 

c.  Box 

d.  LAP 

e.  Steel  Cartridge  Case 

f.  Aluminum  Cartridge  Case 

g . Fuze 

2.  Initial  Tooling 

a.  Projectile  (HE,  AP,  and  TP) 

b.  Link 

c.  Box 

d.  LAP 

e.  Steel  Cartridge  Case 

£.  Aluminum  Cartridge  Case 

3.  Test  and  Measuring  Equipment  (TME) 

a.  Projectile  (HE,  AP,  and  TP) 

b.  Link  * 

c.  Box 

d.  LAP 

e.  Steel  Cartridge  Case 

f . Aluminum  Cartridge  Case 

g.  Fuze 
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1).  Assumptions  and  Constraints 


1.  Although  the  model  will  execute  for  any  assumed  production  rate, 
no  upper  and  lower  limits  being  established,  the  data  base  reflects 
full-rate  production  methods.  In  application  of  the  model,  IPF  can  be 
established  to  meet  mobilization  rate  requirements,  and  assumed  to  be 
utilized  at  a lower,  full  scale  production  (FSP)  rate  to  produce  the 
Authorized  Acquisition  Objective  (AAO) , or  war  reserve,  for  the  program 
being  estimated.  For  very  high  production  rates,  it  is  recommended 

that  the  estimator  verify  the  adequacy  of  the  production  methods  reflected 
in  the  model  with  appropriate  ammunition  production  base  personnel. 

2.  The  model  assumes  the  acquisition  of  all  new  production  equipment 
for  each  component  for  which  production  rate  inputs  are  provided.  Modi- 
fications to  account  for  existing  capacity  or  available  production  equip- 
ment must  be  handled  outside  of  the  model. 

3.  The  model  generates  a parametric  estimate  driven  by  known  or 
assumed  component  overall  dimensions,  and  does  not  reflect  the  impact  of 
discrete  design  detail.  The  basis  of  the  model  is  the  25mm  Philco-Ford 
family  of  Bushmaster  ammunition  (GAU-8  for  the  aluminum  cartridge  case) . 

4.  The  model  contains  no  stated  upper  or  lower  limits  for  dimensions 
other  than  caliber.  However,  practical  considerations  of  production 
methods  and  equipment  requirements  will  constrain  useful  application 

of  the  model  to  ammunition  that  is  appropriate  for  20mm  - 40mm  automatic 
cannon  use.  Examples  of  rounds  over  this  range  which  have  been  estimated 
using  the  model  are: 


Round 

Proj ectile 
Length 

Case 

Length 

Assumed  No.  of 
Rounds  Per  Box 

M246  20mm 

3.025 

4.015 

100 

Oerlikon  KBA  25mm 

4.3 

5.5 

50 

GAU-8  30mm 

5.49 

6.81 

50 

Oerlikon  KDA  35mm 

7.4 

5.1 

25 

Bofors  L/70  40mm 

8.13 

14.37 

15 

5.  Although  the  model  is  based  on  established  processes  and  equip- 
ment currently  available  on  the  market,  it  is  not  intended  to  represent 
any  facility  either  proposed  or  currently  in  operation.  However,  the 
manufacturing  processes  shown  are  similar  to  equivalent  processes  des- 
cribed in  references  3 through  6. 

6.  The  model  is  intended  to  provide  IPF  estimates  in  support  of 
decision  making  early  in  the  acquisition  phase.  It  is  not  intended  to 
be  used  for  budget/program  estimates  or  for  production  planning  purposes. 

7.  Because  of  the  complexity  of  the  model,  its  supporting  data 
base,  and  the  level  of  detail  at  which  cost  estimates  are  generated,  it 

is  intended  that  the  model  be  exercised  by  computer.  The  model  is  currently 
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programmed  on  the  WANG  700  Series  programmable  calculator  located  in  the 
HQ,  AKMCOM  Cost  Analysis  Division,  and  will  be  included  as  part  of  the 
IBM  360/65  automatic  cannon  cost  model  program  currently  under  development 

8.  The  model  makes  no  provision  for  standby  production  equipment  to 
preclude  line  shutdown  in  the  event  of  equipment  breakdown.  In  addition, 
no  allowance  is  made  in  the  working-shift  hours  for  preventive  maintenance 

9.  All  costs  are  in  FY  1975  constant  dollars. 
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l. 


6 


SECTION  II 
MODELING  APPROACH 


A-  General  Approach  to  Modification 


pie  modified  model  utilizes  the  20mm  through  30mm  model  of  reference 
1,  and  the  aluminum- case  model  derived  from  reference  5,  as  a base.  The 
general  approach  to  modification  of  the  base  model  consisted  of  the  following: 

1.  Establishment  of  40mm  as  the  model  upper  limit. 

Extension  of  the  production  processes/equipment  over  an  additional 
10mm,  in  combination  with  the  dimensional  adjustments  described  herein, 
was  verified  as  a technically  valid  approach  for  estimating  purposes  by 
discussion  with  Lake  City  Army  Ammunition  Plant  (LCAAP) , Ammunition 
Technology  Division.  This  modification  was  considered  necessary  both  to 
provide  differential  cost  estimates  without  unexplainable  cost  breaks 
over  the  range  of  calibers'  expected  in  application  of  the  model  to  typical 
gun- ammunition  studies,  and  to  provide  a full-range  submodel  as  part  of 
the  automatic  cannon  cost  model. 

2.  Selective  modeling  of  dimensional  adjustments. 

Adjustments  are  made  both  to  individual  production  equipment  capa- 
cities (or,  what  is  the  same  thing,  adjustments  are  made  to  establish  an 
effective"  production- rate  input),  based  on  differing  component  dimen- 
sions; and,  for  cartridge  cases,  to  compute  varying  numbers  of  press 
drawing  and  related  processes  over  predetermined  ranges  of  case  length. 

The  approach  to  equipment- capacity  adjustment  is  based  solely  on  the 
premise  that  process  cycle  times,  and  hence  production- rate  capabilities, 
for  the  majority  of  processes  are  partially  or  wholly  dependent  on  the 
magnitude  of  certain  component  dimensions.  In  the  extreme  case  where 
engineering  estimates  can  be  made  on  the  basis  of  production  drawings, 
both  types  of  adjustment  will  indirectly  result  from  differences  in 
discrete  design  detail.  However,  for  early  estimates  for  which  overall 
dimensions  are  the  best  that  can  be  defined,  adjustments  based  on  those 
dimensions  are  necessary.  The  end  result  is  a parametric  estimate  which 
differentiates,  on  the  basis  of  engineering  judgment,  among  departures 
from  a defined  data  base  representing  known  dimensions,  and  in  which 
the  adjustments  move  costs  as  definitively  as  possible  in  the  proper 
direction.  These  types  of  judgmental  adjustment  can  then  be  refined 
over  time  by  lower- level  investigation  and  analysis.  It  is  important 
to  note  in  the  model  of  dimensional  adjustments  that  when  the  base 
(reference  1)  model  dimensions  (numerical  constants  in  the  adjusting 
terms  of  the  equations)  are  input  to  the  model,  the  outputs  are  identical 
to  that  provided  by  the  base  model  itself,  with  the  exception  of  modifi- 
cations 3 and  4,  below. 
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3.  Revision  of  the  steel  cartridge  case  equipment  data. 

These  changes  were  based  on  the  steel  case  line  of  reference  3, 
and  included  the  addition  of  a disc  grinding  operation  and  revision  of 
the  material -treatment  processes  associated  with  the  press  drawing 
operations. 

4.  Adjustment  of  initial  tooling  cost  by  caliber. 

This  adjustment  follows  the  approach  used  by  LCAAP  for  the  Bush- 
master  IPCE,  and  are  applied  as  an  estimator  of  the  generally  higher 
tooling  cost  expected  with  increases  in  caliber. 

In  addition  to  the  foregoing  modifications  to  the  base  model,  an 
aluminum  cartridge  case  model,  based  on  an  estimate  prepared  in  support 
of  the  continuing  reference  1 study  effort,  has  been  added. 

B.  Methodology  and  Data  Sources 

1.  Base  Model 

The  IPE  (machine  tools  and  processing  equipment)  required  for  the 
manufacture  of  a 20mm  through  40mm  steel-case  or  aluminum-case  ammunition 
family,  excluding  fuzes,  is  shown  in  Tables  2 through  9.  The  equipment 
lists  in  Tables  2 through  8 were  synthesized  for  the  reference  7 study 
by  analyzing  the  manufacturing  processes  necessary  to  produce  20mm  through 
30mm  ammunition.  An  adjustment  factor  of  1.25  was  used  to  inflate  equip- 
ment unit  costs  from  FY  73  dollars  to  FY  75  dollars.  The  inflation  factor 
was  developed  from  a detailed  review  of  the  production  base  support  (PBS) 
Procurement  Requisition  Order  Numbers  (PRONS)  for  FY  74  on  ARMCOM  projects. 
The  price  changes  on  the  PRONS  indicated  a change  of  12  percent  through 
the  fiscal  year.  ARMCOM  PBS  specialists  projected  the  same  rate  of  change 
between  FY  74  and  FY  75.  The  two-year  factor  then  becomes  (1. 12) (1. 12)=1. 25. 
The  equipment  list  in  Table  9 was  derived  from  the  aluminum-case  IPF 
estimate  in  reference  5,  in  which  all  costs  are  provided  in  FY  75  dollars. 

All  lists  were  then  modified  as  described  in  paragraph  IIA. 

The  initial  tooling  required  by  the  IPE  of  Tables  2 through  8 was 
developed  by  analyzing  the  manufacturing  processes  and  equipment  require- 
ments. The  estimated  costs  shown  in  the  tables  were  inflated  from  FY  73 
dollars  to  FY  75  dollars  using  indices  from  references  8 and  9.  The 
initial  tooling  costs  in  Table  9 were  taken  from  reference  5. 

Estimates  of  TME  costs  in  FY  75  dollars  were  developed  from  an 
analysis  of  requirements  and  costs  for  ammunition  over  30mm  conducted 
for  the  reference  1 study. 

Fuze  line  data  was  provided  by  Frankford  Arsenal,  Manufacturing 
Technology  Directorate,  Mobilization  Engineering  Division  (SARFA-MTE) . 

Line  capacity  and  cost,  including  the  cost  of  initial  tooling,  is  based 
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on  the  XM714  fuze  line.  The  XM714  fuze  is  planned  for  use  on  the  20mm 
M50  series,  Bushmaster  25mm,  and  GAU-8  30mm  families  of  ammunition. 

Although  use  of  this  fuze  for  rounds  over  30mm  in  size  is  improbable,  it 
is  assumed  that  a fuze  of  this  type  will  be  used.  SARFA-MTE  concurs 
that  the  XM714  fuze  line  capacity  and  cost  is  applicable  over  the  20mm 
through  40mm  range. 

In  addition  to  the  equipment  and  initial  tooling  costs  obtained 
from  Tables  2 through  9 for  each  component  and  LAP,  the  cost  model 
selectively  includes  allowances,  in  the  form  of  percentages  of  equipment 
cost,  for  transportation,  installation,  layaway,  and  miscellaneous  material 
handling  equipment;  and  thruput  costs  for  1ME  (see  paragraph  II IC).  The 
transportation  and  installation  allowances  were  provided  by  the  US  Army 
Production  Equipment  Agency  Engineering  Division  (DRXPE-EN) , and  represents 
an  average  based  on  an  equipment  mix  ranging  from  lathes  to  500  ton  presses. 
The  allowance  for  layaway  cost  was  provided  by  the  HQ,  ARMC0M  Procurement 
and  Production  Directorate,  Industrial  Management  Division  (DRSAR-PPI-W) . 

The  cost  model  consists  of  a series  of  cost  equations  and  a supporting 
data  base.  When  solved  using  specific  inputs  provided  by  the  estimator, 
the  equations  yield  estimates  of  total  IPE,  initial  tooling,  and  1ME  for 
each  of  the  components  of  Table  1.  Tables  2 through  9 constitute  the 
data  base  for  all  of  the  cost  elements  except  fuzes,  and  are  structured 
in  the  form  of  matrices  from  which  the  model  selects  the  equipment  and 
cost  values  required  for  solution  of  the  cost  equations.  In  the 
solution  of  the  equations,  the  estimating  model  performs  the  following: 

a.  The  number  of  machines  required  is  calculated  based  upon: 

(1)  annual  production  requirements  (inputs  to  the  model) . 

(2)  the  assumed  number  of  shifts  (inputs  to  the  model). 

(3)  equipment  item  capacity  per  shift  per  year  (included 
in  the  data  base) . 

(4)  the  number  of  rounds  per  metallic  ammunition  box  when 
boxes  are  necessary  (input  to  the  model) . 

(5)  for  affected  equipment  items,  relevant  component  dimen- 
sions (inputs  to  the  model) . 

b.  The  estimated  total  cost  of  each  item  of  equipment  is  calculated 
using  the  results  of  a,  above,  and  the  equipment  item  unit  cost 
(data  base) . 

c.  The  estimated  total  cost  of  all  equipment  required  to  produce 
each  component  and  to  LAP  complete  rounds  is  calculated  by 
summing  appropriate  costs  yielded  in  b,  above. 

d.  The  number  of  sets  of  initial  tooling  required  for  each  equip- 
ment item  is  calculated  using  the  procedure  of  a,  above. 

e.  The  estimated  cost  of  initial  tooling  is  calculated  using  the 
procedure  of  b and  c,  above,  but  based  on  the  results  of  d, 
above,  and  the  average  unit  tooling  cost  (data  base). 
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Fuze  IPE  and  initial  tooling  cost  is  provided  at  a summary  level,  i.e., 
total  line  including  transportation,  installation,  and  initial  tooling, 
and  requires  a single  solution  of  the  cost  equations.  For  this  reason, 
no  matrix  is  provided  for  fuzes,  nor  is  fuze  initial  tooling  separately 
calculated.  TME  costs  are  provided  as  summary- level  thruputs;  hence,  no 
calculations  are  required. 

2.  Dimensional  Adjustments 

The  machine-process  listings  of  the  revised  base  model  were  analyzed 
in  detail  to  determine  which  overall  component  dimensions,  if  different 
than  those  of  the  base  model,  will  impact  the  production  capacities  of 
the  individual  equipment  items.  The  magnitude  of  the  impacts  were  then 
individually  assessed  and  expressed  as  percentages  of  change  to  the  basic 
quantity- of- equipment  equations  of  the  reference  1 model.  These  were 
translated  into  modified  equations  to  yield  adjusted  quantities  of  equip- 
ment required  to  meet  the  production  rate  inputs  to  the  model.  Both 
judgmental  assessments  were  primarily  based  on  review  of  the  detailed 
manufacturing  descriptions  of  references  3 through  6.  Adjustments  to 
alter  the  number  of  press  drawing,  and  indirectly  the  number  of  associated 
processes,  are  based  on  information  obtained  by  HQ,  ARMCOM  Plant  Operations 
Directorate. 

The  dimensional  adjustments  and  resulting  equations  are  described  in 
additional  detail  in  paragraph  IIIC2. 
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SECTION  III 


MODEL  FORMAT 
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A. 


I fljHJlS 

The  inputs  required  to  exercise  the  model  are  summarized  below, 
and  are  described  in  additional  detail  in  paragraph  IIIB. 

1.  Peak  annual  production  quantity,  in  millions,  of  each  component 
including  link  and  metal  ammunition  box,  the  latter  expressed  as  the 
annual  quantity  of  complete  rounds  to  be  packed. 

The  estimator  should  carefully  determine  the  annual  production 
quantity  requirements  (Q  values  defined  in  paragraph  IIIB)  for  each 
component  and  LAP.  These  are  the  annual  production  quantities  for  which 
IPE  and/or  initial  tooling  is  either  not  in  existence  or,  if  in  existence, 
is  neither  partially  nor  wholly  available.  Since  existing  capacity  may 
be  available  during  the  production  time  frame  to  partially  or  wholly 
meet  the  total  program  requirements  of  given  components  or  LAP,  the  Q 
values  may  or  may  not  be  those  established  to  meet  the  total  program 
requirements.  Therefore,  the  Q values  are  established  to  meet  a prod- 
uction "shortfall"  or  deficiency,  and,  since  they  are  inputs  provided 
by  the  estimator,  may  well  be  determined  by  means  of  a separate  analysis 
or  model.  With  the  exception  of  fuzes,  for  which  initial  tooling  is 
included  in  IPE  cost,  and  for  which  the  production  quantity  requirement 
is  symbolized  as  Qp  separate  production  quantity  inputs  symbolized  as 

QE^  and  QT^  are  required  for  IPE  and  initial  tooling,  respectively. 

QE^  and  are  established  to  meet  the  IPE  deficiency  discussed  above. 

For  example,  if  the  maximum  annual  requirement  for  a component  or 
LAP  is  ten  million,  and  existing  capacity  will  be  available  to  produce 
four  million,  additional  IPE  will  be  required  to  produce  the  deficiency 
of  six  million  per  year,  and  QE^  is  input  as  that  value.  However,  even 

if  IPE  is  partially  or  wholly  available,  initial  tooling  will  probably 
be  required  to  meet  the  total  program  requirements  since  the  ammunition 
being  estimated  is  likely  to  be  of  a different  size  and/or  design  config- 
uration than  that  for  which  the  production  line  was  established.  There- 
fore, QT^  will  generally  be  input  as  the  total  program  annual  require- 
ment- -ten  million  in  the  above  example.  When  sufficient  capacity  is 
found  to  be  available  to  meet  the  total  program  requirements  for  a 
given  component  or  LAP,  the  applicable  Q value  is  input  as  zero,  and 
no  IPE  or  initial  tooling  is  estimated.  On  the  other  hand,  when  a 
production  base  is  neither  in  existence  nor  available,  certain  relation- 
ships exist  among  the  Q values,  as  follows: 

a.  QE.  through  QE„  or  QE„  (link,  box,  LAP,  and  cartridge  case) 

4/o 

each  equals  the  sum  of  QE^,  QE2,  and  QE^  (sum  of  projectile  quantities). 
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b.  The  relationship  of  1,  above,  exists  for  the  same  subscripted 
values  of  QT^. 

c.  Q^.  (fuze)  equals  (HEIT  projectile). 

The  model  assumes  that  TMIi  is  required  whether  or  not  IFF,  is  available. 

2.  Number  of  production  shifts  assumed  for  each  component  (1,2,  or  3). 

3.  Projectile  diameter,  in  millimeters. 

4.  Projectile  length,  in  inches. 

5.  Cartridge  case  length,  in  inches. 

6.  Number  of  rounds  per  metal  ammunition  box  known  or  assumed  for 
the  estimate. 

This  input  acts  to  adjust  the  number  of  boxes  required,  for  the  quantity 
of  ammunition  being  estimated,  from  a number  based  on  100  linked  rounds 
packed  in  a container  similar  to  the  M548  box.  The  input  is  a function  of 
a reasonable  weight  assumed  for  manual  handling.  Since  complete  round 
weight  is  not  likely  to  be  known  for  early  estimates,  the  number  of  rounds 
can  be  estimated  by  comparison  with  the  method  of  packing  of  existing 
automatic  cannon  ammunition.  For  example,  the  following  are  the  approximate 
weights,  in  pounds,  of  the  M246  20mm  HEIT  cartridge: 

Net (less  packing 

and  container)  Packed  Out 

100  rounds  linked  69  91 

200  rounds  bulk  packed  114  141 

If  an  existing,  standard  box  is  not  suitable,  the  estimator  should 
ascertain  that  the  cubic- inch  volume  of  the  container  being  estimated 
does  not  significantly  exceed  the  volume  of  the  M548  box,  to  avoid  exceeding 
the  equipment  requirements  and  capacities  in  Table  6.  The  inside  dimensions 
of  the  M548  box  are  17  1/4  inches  long,  7 7/16  inches  wide,  and  13  63/64 
inches  high.  A moderate  increase  - 15%  to  20%  - in  these  dimensions  would 
not  be  expected  to  significantly  impact  the  results  of  the  estimate. 

B.  Mathematical  Notation 


The  notation  used  in  the  cost  equations  is  identical  to  that  used 
in  the  base  (reference  1)  model  except  for  redefinition  of  the  Q values; 
use  of  a different  symbol  for  number  of  shifts;  and  the  addition  of  an 
f (fuze)  subscript,  N^  (number  of  draws)  symbol,  component  dimension 

symbols,  and  symbols  denoting  constants.  The  notation  applies  to  the 
symbolic  equations  shown  in  paragraph  IIIC1.  Solution  of  the  model  can 
also  be  tracked  using  the  word  equations  of  paragraph  IIIC1,  and  the 
sequences  of  solution  shown  in  Table  10. 
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i r-  'It'c,  notation  is  uniform  in  applicability  to  each  matrix,  and  is 
defined  below,  hxcept  for  Z,  and  production- rate  (Q)  values  QE,  , QT 

* ic  lc 

and  Qf,  which  are  inputs  provided  by  the  estimator,  the  symbols  represent 
either  data  base  (matrix)  values  or  values  yielded  by  the  cost  equations. 
Subscripts 


f Identifies  fuze  (not  a matrix  subscript) . 

i Matrix  row,  it  specifies  a specific  item  of  equipment  and 
associated  initial  tooling. 

j Matrix  column;  it  refers  either  to  equipment  unit  cost, 
annual  equipment  capacity  per  shift,  or  average  unit 
initial  tooling  cost. 

k 1,16  specific  matrix;  e.g.,  when  k = 1,  the  HEIT  projectile 
matrix.  Table  2,  is  specified. 


Symbols 

D Projectile  diameter  of  the  ammunition  family  for  which  IPF 
is  being  estimated.  Expressed  in  mm,  this  value  ranges 
from  20mm  through  40mm. 

Lc  Cartridge  case  length,  in  inches. 

Lp  Projectile  length,  in  inches. 

Sk  Number  of  working  shifts  assumed  in  the  estimate  for  the 
ammunition  component  identified  by  the  value  of  k,  where  a 
shift  is  eight  hours  per  day,  five  days  per  week  (1-8-5). 

When  one  shift  is  assumed,  Sk  is  given  the  value  of  1; 

similarly,  S^  = 2 and  S^  = 3 for  two  shifts  and  three  shifts, 

respectively.  An  additional  adjustment  to  the  value  of 
Sk  can  be  made  if  the  estimate  is  to  be  based  on  a working 

shift  other  than  eight  hours  per  day  and/or  five  days  per 
week.  For  example,  if  the  desired  shift  is  2-8-6, 

Sk  = 2(6/5)  = 2-4-  0r>  for  a 2-10-5  shift,  Sk  = 2(10/8)  =2.5. 


QEi 


>f  Same  as  sk>  but  applicable  to  fuzes  only. 

Peak  annual  production  quantity  of  the  ammunition  component 
specified  by  the  value  of  k,  in  millions,  for  which  IPE  is 
required,  this  value  is  set  equal  to  zero  if  no  IPE  Ts 
required. 
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Q^.  Peak  annual  fuze  production  quantity,  in  millions;  this 
value  is  set  equal  to  zero  if  no  fuze  IPF  is  required. 

QT^  Peak  annual  production  quantity  of  the  ammunition  component 
specified  by  the  value  of  k,  in  millions,  for  which 
initial  tooling  is  required;  this  value  is  set  equal  to 
zero  if  no  initial  tooling  is  required. 


Numerical  value  (equipment  or  unit  initial  tooling  cost, 
or  equipment  capacity)  located  at  the  intersection  of 
row  i and  column  j of  matrix  k;  e.g.,  X,  ? , provides 

the  value  of  1.700  million  rounds  as  the  annual  capacity 
per  shift  for  the  centerless  grinder  required  to  produce 
the  HEIT  projectile. 


Ni  ^ Required  quantity  of  the  equipment  item  specified  by  row  i 
’ of  matrix  k.  In  the  solution  of  the  model,  this  factor 

represents  either  the  quantity  of  each  equipment  item  or 
the  number  of  sets  of  initial  tooling  associated  with  each 
equipment  item.  For  example,  ^ represents  the  number 

of  centerless  grinders,  each  grinder  having  an  annual 
capacity  of  S^X^  ^ \ rounds , required  to  produce  QE^  or 

QT^  HEIT  projectiles.  This  value  is  rounded  to  the  next 

larger  integer  (number  of  whole  equipment  items) . For 
example,  if  the  cost  equation  for  N.  , yields  a value  of 

1,K 

2.005,  then  N-  , is  rounded  to  3. 

1,K 

Number  of  press  drawing  operations  required  in  the  manu- 
facture of  a cartridge  case;  assumes  a value  from  3 to  6 
depending  on  case  length. 

Nf  Number  of  fuze  lines  required  to  meet  annual  fuze  prod- 
uction requirements,  rounded  to  the  next  larger  integer 

as  defined  for  N.  , , above. 

1,  K 

Y.  , Total  cost  in  thousands  of  dollars  of  the  equipment  item 

1*  specified  by  row  i of  matrix  k,  or  its  associated  initial 

tooling;  it  is  a function  of  N-  , and  X.  ... 

1 , K i , 3 , K 

Total  cost  in  thousands  of  dollars  of  the  equipment  needed 

to  meet  production  requirements  of  the  ammunition  component 

specified  by  the  value  of  k.  It  represents  the  summation 

of  previously- calculated  values  of  Y.  , . When  applied  to 

1 , K 

IPE,  it  includes  the  selective  allowances  for  transportation, 
installation,  layaway,  and  miscellaneous  material  handling 
equipment. 
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Total  cost  of  the  fuze  line(s)  required  to  meet  fuze 
production  requirements,  including  layaway  cost. 

Z The  number  of  rounds  per  metal  ammunition  box  known 
or  assumed  for  the  estimate;  this  input  value  may  or 
may  not  be  equal  to  the  constant  Cy 

Total  cost  in  thousands  of  dollars  of  the  TME  required 
for  the  component  specified  by  the  value  of  k;  it  is 
independent  of  the  quantity  specified  by  Q^. 

Tj-  Total  cost  in  thousands  of  dollars  of  the  TME  required 
for  fuzes;  it  is  independent  of  the  quantity  specified 
by  Qf . 


Constants 


Cj  1.10,  a 10  percent  allowance  for  layaway  costs.  The 
allowance  consists  of  6 percent  for  preservation  and 
4 percent  for  crating,  handling,  and  transportation. 

If  the  layaway  is  on  site,  only  the  6 percent  factor 
is  applicable;  however,  the  10  percent  factor  is  used 
in  the  model  to  yield  a conservative  estimate,  on  the 
assumption  that  on-site  layaway  versus  plant  clearance 
is  not  known  at  the  time  the  estimate  is  being  made. 

C£  1.05,  a 5 percent  allowance  for  transportation  and 
installation  costs. 

Cj  100  rounds  per  ammunition  box,  the  quantity  on  which  the 
box  matrix,  Table  6,  is  based  (see  note,  bottom  of 
Table  6) . 

C4  1.10,  a 10  percent  allowance  for  miscellaneous  material 
handling  equipment  costs. 

C5  1.2,  a constant  annual  production  capacity  per  fuze  line 
per  shift,  expressed  in  millions. 

C6  2,  a factor  which  provides  for  doubling  of  the  initial 
tooling  matrix  value  for  steel  cartridge  cases  (k=7) , 
when  the  total  case  length  is  greater  than  3.5  inches, 
and  the  projectile  diameter  is  greater  than  20mm  and 
equal  to  or  less  than  40mm  (see  paragraph  IIIC1) . This 
factor  is  based  on  the  engineering  judgment  of  LCAAP 
personnel,  and  is  established  to  account  for  the  higher 
cost  of  the  heavier  press  tooling  required. 

Cy  2,000,  the  average  unit  cost  per  fuze  line  in  thousands 
of  dollars,  including  transportation  and  installation 
cost  but  excluding  layaway  cost. 
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C.  Cost  Equations 


1 . Dimensional  Adjustments 

As  indicated  in  paragraphs  IIA2,  IIA4,  and  IIB2,  the  approach  to 
modeling  dimensional  adjustments  was  based  on  judgmental  analysis  of 
the  equipment  and  process  by  equipment  item,  was  of  necessity  confined 
to  capacity  impacts  in  terms  of  overall  component  dimensions  that  are 
known  or  assumed  at  the  time  of  the  estimate,  and  represents  an  approach 
to  IPF  modeling  which  is  designed  to  move  estimated  costs  in  the  proper 
direction  and  which  can  be  refined  over  time. 

Dimensional  adjustments  are  made  to  the  base  (reference  1)  model 
equations  for  lb  k (equipment  quantity).  The  resulting,  modified  equations 

are  listed  ip  paragraph  IIIC2.  The  adjustments  take  three  forms,  discussed 
by  equation  number. 

a.  Adjustment  to  equipment  quantity  based  on  relevant  component 
dimensions. 

The  equations  show  that  this  type  of  adjustment  is  applied  as  the 
ratio  or  percentage  of  the  ratio  of  component  dimension (s)  assumed  to 
affect  process  cycle  time  to  the  equivalent  dimension (s)  represented 
by  the  data  base  (Bushmaster  25mm  or  GAU-8  30mm) . An  example  is  shown  for 
equation  1,  below.  The  adjustments  by  equation  are: 

(1)  Equation  1:  Machining  time  is  affected  by  both  projectile 

diameter  and  length;  the  impact  is  estimated  at  40  percent  of  total  cycle 
time.  The  adjustment  is  also  based  on  comparison  with  the  M56A3  20mm 
HEI  projectile,  and  is  used  for  similar  operations  on  all  three  projectiles 
in  the  model.  An  example  of  the  adjustment  is  the  Oerlikon  35mm  round, 
having  a projectile  length  of  7.4  inches,  with  the  adjustment  applied  to 
the  capacity  of  the  automatic  screw  machine  (i  = 1)  of  Table  2.  The 
product  of  projectile  diameter  and  length  is  DLp  =35  (7.4)  = 259.  This 
value  is  divided  by  the  equivalent  value  for  the  projectile  on  which  the 
equipment  item  capacity  is  based,  i.e.,  25  (4.6)  = 115.  The  result  states, 
for  purposes  of  adjusting  for  this  particular  production  operation,  that 
the  Oerlikon  round  is  2.25  times  "bigger"  than  the  25mm  round  on  which 
Table  2 is  based.  However,  as  shown  by  the  equation,  the  adjustment  is 
made  only  to  the  difference,  2.25  minus  1,  or  1.25.  The  resulting 
adjustment  factor  of  1.50  reduces  the  equipment  capacity  per  shift  from 
0.383  million  to  0.255  million  (or,  increases  the  effective  annual  quantity 
input  by  an  additional  50  percent).  If  DLp  is  115,  the  adjustment  becomes 
unity,  and  no  adjustment  is  made;  and,  if  DLp  is  less  than  115,  the  adjust- 
ment is  negative,  acting  to  increase  the  equipment  capacity  or  reduce 
the  effective  annual  quantity.  The  foregoing  is  typical  of  all  equations 
for  equipment  item  quantity  where  an  adjustment  is  made. 
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(2)  Equation  2:  Machining  time  is  primarily  affected  by 

projectile  diameter,  the  impact  is  estimated  at  40  percent  of  total  cycle 
time.  The  adjustment  is  also  based  on  comparison  with  the  M56A3  projectile, 
and  is  used  for  similar  operations  on  all  three  projectiles  in  the  model 

as  well  as  diameter- related  machining  on  the  steel  cartridge  case. 

(3)  Equation  3:  Processing  time  is  primarily  affected  by 

projectile  diameter  (indirectly  when  applied  to  in-process  steps  in 
steel  cartridge  case  manufacture);  in  certain  applications,  the  adjustment 
assumes  vertical  part  orientation  with  processing  at  a fixed,  optimum 
speed. 

(4)  Equation  4:  Processing  time  is  minimally  affected  by 

component  dimensions;  the  adjustment  is  estimated  at  10  percent  to 
account  for  handling  bulk  (weight)  only. 

(5)  Equation  5:  No  adjustment.  In  the  case  of  link  manufacture, 

no  pattern  of  dimensional  changes  due  to  cartridge  case  dimensions  was 
found;  link  design  is  predominently  driven  by  weapon  characteristics. 

(6)  Equation  6:  Unchanged  from  reference  1 model  (applies 

to  ammunition  box  only) . 

(7)  Equation  7:  Processing  time  is  assumed  to  be  primarily 

affected  by  projectile  length.  Assumes  automatic  charging  independent 
of  caliber.  The  adjustment  is  also  based  on  comparison  with  the  M56A3 
HE I projectile  description  of  manufacture. 

(8)  Equation  8:  Processing  time  is  assumed  to  be  affected 

by  cartridge  case  length;  impact  is  estimated  at  30  percent  of  total 
cycle  time.  Assumes  automatic  processing  independent  of  caliber. 

(9)  Equation  9:  Processing  time  is  assumed  to  be  affected  by 
projectile  diameter;  impact  is  estimated  at  20  percent  of  total  cycle 
time.  Assumes  automatic  processing  independent  of  cartridge  length. 

(10)  Equation  10:  Bulk  processing  is  assumed,  with  diameter 

and  length  utilized  as  a measure  of  relative  cartridge  case  bulk.  The 
Nd  (number  of  draws)  adjustment  accounts  for  additions  to  the  "effective" 

quantity  of  cartridge  cases  resulting  from  additional  requirements 
for  the  affected  processes  as  the  number  of  press  drawing  operations 
increases  (see  paragraph  b,  below,  and  Note  1,  Table  8). 

(11)  Equation  11:  Same  as  equation  10,  excluding  the  N, 

adjustment.  d 

(12)  Equation  12:  Same  as  equation  11  except  based  on  the 

GAU-8  diameter  and  cartridge  case  length. 
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(13)  Equation  13:  Machining  is  primarily  affected  by  diameter; 

impact  is  estimated  at  40  percent  of  total  cycle  time. 

(14)  Equation  14:  Processing  assumes  vertical  orientation  and 

automatic  processing  independent  of  cartridge  case  length. 

b.  Adjustment  to  the  number  of  press  drawing  and  associated 
processes  over  ranges  of  cartridge  case  length. 

Investigation  by  the  HQ,  ARMCOM  Plant  Operations  Directorate 
indicates  that,  for  either  brass  or  steel,  drawing  can  be  estimated  to 
double  the  previously- drawn  length.  The  model  then  assumes  a maximum 
case  length  of  3.5  inches  as  requiring  three  draws  (same  assumption 
as  the  reference  1 model) , and  establishes  doubled  ranges  of  case  length 
above  3.5  inches  within  each  of  which  an  additional  draw,  trim,  and 
related  processing  as  required,  is  added.  This  results  in  a general- 
purpose  model  only,  which  accounts  for  increased  processing  for  greater 
case  lengths  based  on  a dimension  which  is  known  or  can  be  assumed  for 
early  estimates.  For  this  reason,  the  same  general  model  is  applied 
to  aluminum  cases.  It  is  recognized  that  the  actual  number  of  draws 
required  for  a specific  cartridge  case  will  be  a function  of  material, 
case  length,  diameter,  wall  thickness,  and  similar  discrete  design  detail. 

c.  Adjustments  to  initial  tooling  cost  based  on  caliber. 

This  adjustment  accounts  for  the  generally  varying  size  of  initial 
tooling  with  varying  sizes  of  the  components  being  manufactured.  Tooling 
cost  is  adjusted  by  10  percent  for  each  five  millimeters  of  caliber, 
based  on  the  approach  taken  by  Lake  City  Army  Ammunition  Plant  in  devel- 
oping the  25mm  base  tooling  data  used  in  the  reference  1 study. 

2.  Equation  Forms  and  Sequences  of  Solution 

The  cost  equations  which  are  solved  in  the  execution  of  the  modified 
model  are  listed  below  in  both  symbolic  and  word  form.  The  model  contains 
50  distinct  equations,  of  which  33  are  common  to  the  solution  of  either 
a steel-case  or  aluminum-case  family  of  ammunition.  A full  solution  util- 
izes 42  equations  for  a steel-case  family,  and  41  equations  for  an  aluminum 
case  family.  The  initial  equations,  which  solve  for  the  quantity  of  equip- 
ment items  required  to  meet  the  production- rate  input,  are  identified  by 
equipment  item  in  Tables  2 through  9.  The  sequences  of  solution  following 
the  initial  equations  are  shown  by  component  in  Table  10.  In  addition,  the 
following  should  be  noted: 

a.  Units  of  measure  for  inputs  are  as  defined  in  paragraph  IIIA. 

b.  Values  of  j (matrix  column)  are  specified  for  all  equations  in 
which  a value  of  j is  required. 
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c.  Equations  which  are  iteratively  solved  over  a range  of  values 

of  i are  solved  for  all  values  of  i within  each  matrix  except  as  otherwise 
noted. 

d.  Equations  for  hh  k (equipment  item  quantity)  are  identified  as 

la,  2a,  . ...,  14a  for  IPE,  and  lb,  2b,  14b  for  initial  tooling. 

The  equations  are  identical  except  for  the  variable  Q. 

e.  Alternative  (conditional)  choices  of  equation  for  Y.  , for  steel 

i,k 

cartridge  cases  are  provided.  These  are  based  on  a variation  in  both 
the  number  of  drawing  operations  and  the  press  tonnages  required  for 
the  blanking  and  drawing  operations,  depending  on  the  length  and  diameter 
of  the  cartridge  case  being  estimated.  The  former  variation  is  accounted 
for  by  the  addition  of  draw  and  trim  operations  in  Table  8;  and  the 
latter  is  accounted  for  by  variations  in  affected  press  tonnages,  and 
the  addition  of  both  a second  column  of  equipment  unit  costs  (j=3)  to 
Table  8 and  doubling  of  the  average  unit  tooling  cost  (equation  29)  to 
accommodate  the  higher  tonnages.  These  variations  are  taken  directly 
from  the  reference  1 model,  but  with  additional  draw- trim  operations  to 
accommodate  a wider  range  of  case  lengths.  Only  variations  in  drawing, 
trimming,  and  associated  material -treatment  processes  driven  by  case 
length  are  included  in  the  aluminum  case  model,  and  these  are  handled 
by  varying  the  number  of  equipment  items  (values  of  i) , not  with  condi- 
tional equations. 
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Table  10.  Cost  Equation  Sequences  of  Solution  - Np  Y^,  and  Y^  — • 

Component Equation  Numbers 


1.  Projectiles  (k-1,2,3) 


a. 

I PE 

16, 

21 

b. 

Initial  Tooling 

24, 

28 

c. 

TME 

(1)  k-1,2 

30 

(2)  k-3 

31 

2. 

Link  (k-4) 

a. 

IPE 

16, 

21 

b. 

Initial  Tooling 

24, 

28 

c. 

TME 

32 

3. 

Box 

(k-5) 

a. 

IPE 

16, 

21 

b. 

Initial  Tooling 

24, 

27 

c. 

TME 

33 

4. 

LAP 

06) 

a. 

IPE 

16, 

22 

b. 

Initial  Tooling 

24, 

28 

c. 

TME 

34 

5. 

Steel  Cartridge  Case  (k-7) 

a. 

IPE 

(1)  L<3.5  in.,  D <40mm 

17, 

21 

(2)  L>3.5  in.,  D * 20mm 

18, 

21 

(3)  L>3.5  in.,  20mm <D^40mm 

19, 

21 

b. 

Initial  Tooling 

(1)  L <3.5  in.,  D<40mm 

25, 

28 

(2)  Lc>3.5  in.,  D * 20mm 

25, 

28 

(3)  Lc>3.5  in.,  20mm<D<40mm 

25, 

29 

c. 

TME  c 

35 

6. 

Aluminum  Cartridge  Case  (k*8) 

a. 

IPE 

20, 

21 

b. 

Initial  Tooling 

26, 

28 

c. 

TME 

35 

7. 

Fuze 

a. 

IPE 

15, 

23 

b. 

Initial  Tooling 

NA 

c. 

TME 

36 

If  Equations  for  N.  , are  listed  in  Tables  2-9,  incl. 
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A model  to  provide  cost  estimates  of  initial  production  facilities  (IPF)  for  a 
20mm  through  40mm  steel- case  or  aluminum-case  family  of  conventional  automatic  cannon 
ammunition  is  presented  in  this  report.  The  model  is  intended  to  facilitate  the 
preparation  of  independent  estimates  in  support  of  decision  making  early  in  the 
acquisition  phase.  It  represents  a modified  version  of  previous  models  over  the  same 
size  range  developed  by  HQ,  ARMCCM,  Cost  Analysis  Division,  in  that  different  costs 
among  alternative  rounds  of  different  calibers  and/or  component  dimensions  are 
generated.  Hie  differentiating  or  adjusting  process  is  based  on  the  premise  that 
production  equipment  capacities  are  partially  or  wholly  dependent  on  the  magnitude 
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